, there are many data on nutrient requirement s for growth, production and maintenance, and digestibility or availability of feedstuffs determined from the data from numerous studies. It is possible to refer to the content of nutrients in commonly used feedstuffs from tables of composition of feedstuffs in the feeding standards for other species, but the digestibility of nutrients in feedstuffs differs among species. As an extreme example, digestibility of crude fiber (CF) in alfalfa meal is higher than 60% for dairy cows [3] , but less than 10% for poultry [1] . Therefore, it is impossible to refer to the data on digestibility of nutrients in feedstuffs listed in feeding standards for other species, so that it is necessary to determine the digestibility of nutrients in feedstuffs for respective species. In NRC [12] and the Japanese Feeding Standard for Horses [JFS, 8] , there are no data on the digestibility of nutrients except for digestive energy (DE), because of difficulty in feeding experiments to determine the digestibility of feedstuffs.
In order to effectively, economically and scientifically formulate feeds for animals, data on the content and digestibility or availability of nutrients in feedstuffs and the exact nutrient requirements are essential. In feeding standards for poultry [1] , swine [2] , dairy cows [3] and beef cattle [4] , there are many data on nutrient requirement s for growth, production and maintenance, and digestibility or availability of feedstuffs determined from the data from numerous studies. It is possible to refer to the content of nutrients in commonly used feedstuffs from tables of composition of feedstuffs in the feeding standards for other species, but the digestibility of nutrients in feedstuffs differs among species. As an extreme example, digestibility of crude fiber (CF) in alfalfa meal is higher than 60% for dairy cows [3] , but less than 10% for poultry [1] . Therefore, it is impossible to refer to the data on digestibility of nutrients in feedstuffs listed in feeding standards for other species, so that it is necessary to determine the digestibility of nutrients in feedstuffs for respective species. In NRC [12] and the Japanese Feeding Standard for Horses [JFS, 8] , there are no data on the digestibility of nutrients except for digestive energy (DE), because of difficulty in feeding experiments to determine the digestibility of feedstuffs.
Preceding a series of experiments to determine the nutrient requirements of horses, therefore, the digestibility of popularly used roughages, i.e. timothy, Italian ryegrass and orchardgrass hay, and alfalfa hay, cubes and pellets was determined by the total feces collection method in adult male thoroughbreds.
Materials and Methods
Four male thoroughbreds 5 to 11 years old were confined individually in rooms with a concrete floor covered with sawdust and given free access to a basal feed and water ad libitum to accustom them to the new environment for 20 days. Then they were given 7.8 ± 1.0 kg/day of 6 experimental feeds for 10 days successively. In 5 days of intervals during the experiment, the feed was switched gradually to the next feed at the rate of 20% daily. Half amounts of the rations were supplied at 8:00 and 17:00. The horses had a face mask attached to prevent coprophage after eating all the feed supplied and had 2 hr walking exercise daily.
Feces were collected in feces bags every 4 hr during the daytime and once in the dark. At each collection time, feces were mixed with a handy mixer, and 1/15 were dried at 60°C in a ventilator. After air-drying for 2 days at room temperature, all of them were mixed and ground through a 2 mm screen with a centrifugal grinder for chemical analysis.
The basal feed consisted of a commercial horse feed and timothy cut to 2 to 3 cm in length at the ratio of 7:3. The commercial horse feed contained 12.0% crude protein (CP) and 2.51 Mcal DE/kg. Six other experimental feeds were prepared by mixing the basal feed and one of six feedstuffs, i.e. timothy, Italian ryegrass or orchardgrass hay and hay, alfalfa cubes and pellets at the ratio of 1:1. Timothy hay was harvested at cut 2 and the late vegetative period in Japan, Italian ryegrass hay at cut 2 and bloom in Japan and orchardgrass hay at cut 2 and early bloom in Canada. Alfalfa hay was harvested at cut 2 and bloom. Cube (regular) and pellet (dehydrated) alfalfa were produced in USA. Timothy hay was cut into 2 to 3 cm in lengths and others were used without cutting.
The amount of feed needed to satisfy the maintenance requirements of DE recommended by feeding standards [8, 12] was estimated by means of the formula.
DE = 1.4 + 0.03 body weight (kg)
DE values were cited from the table in the Japanese Feeding Standard for Beef Cattle [4] .
Moisture, CP, ether extract (EE), nitrogen free extract (NFE), CF, crude ash (CA) and gross energy (GE) in feces, feeds and feedstuffs were analyzed by the methods of AOAC [5] .
The digestibility of nutrients (Y 1 , %) and the true digestibility of CP (Y 2 , %) in basal feed and experimental feeds were calculates by means of the following formulas.
Y 1 = (Intake -fecal excretion)/Intake × 100 Y 2 = {Intake -(fecal + endogenous excretion)}/ Intake × 100
Because the ratio of basal and feedstuffs in the experimental feeds was 1:1, the digestibility of each nutrient and true digestibility of CP (Y 3 , %) were estimated using following formula. The data were analyzed by one-way ANOVA with the General Linear Models procedure of SAS ® , and Tukey's multiple comparison was carried out [15] . Statements of significance were based on p<0.05% unless otherwise stated.
Results and Discussion
During a long experimental period, horses consumed all supplied feeds within a short time and initial body weight was maintained constant. These results indicated that the DE supplied for maintenance was satisfactory.
Data on the chemical analysis of feedstuffs are shown in Table 1 . There were differences in nutrient content among the three grass hays, timothy, Italian ryegrass and orchardgrass, but there were only small differences in nutrient contents among three types of alfalfa, i.e. hay, cubes and pellets. The values obtained differed from those in JFS [8] . These differences in the amounts of nutrients in feedstuffs are commonly observed, because the amounts of nutrients in roughages are affected by various factors such as timing, temperature and weather at harvest and production area and so on [7] .
The digestibility of nutrients (Table 2) and nutritive values, digestive CP, total digestive nutrient and DE (Table 3 ) differed among hays, timothy, Italian ryegrass and orchardgrass. The amounts of DE in all hays except Italian ryegrass were higher than those in JFS [8] . There were small differences in the digestibility and nutritive values among hay, cubes and pellets of alfalfa. These results indicated that there were no nutritional merits in processing alfalfa hay for horses.
There were no relationships between dietary CP levels and digestibility of all nutrients except CP and nutritive values. The digestibility of CP increased with increasing dietary CP as shown in Fig. 1 . The same tendency was observed in adult ponies [6, 9] . This is reasonable, because the endogenous nitrogen is included in feces and the digestibility of CP is estimated to be low at the low dietary CP levels, so that it is necessary to estimate the true digestibility of CP in feedstuffs.
There are the following two methods for determining endogenous nitrogen: feeding a nonnitrogen feed and estimating excretory nitrogen plotted against dietary CP. The endogenous nitrogen was estimated to be 23 g/horse/day by estimating excretory nitrogen as shown in Fig. 2 . The calculated true digestibility of CP of feedstuffs obtained with formula Y 3 differed among feedstuffs and ranged from 87 to 93% as shown in Table 2 .
There is disagreement as to whether the major site of digestion is at the small intestine [10, 11] , or the large intestine [9, 13, 14] . If the undigested CP at the small intestine is degraded to ammonium by micro flora in the large intestine and the ammonium produced is utilized for the synthesis of CP of micro flora, it is not clear whether ammonium and micro flora protein play a large nutritional role in host horses.
